Pentatomidae is the fourth largest family of true bugs, comprising nine subfamilies and 24 over 40 tribes. Few tribes in the family have been studied in a phylogenetic context, and 25 none of them have been examined using molecular data. Here, we conduct a 26 phylogenetic study of the tribe Chlorocorini (Pentatominae) combining 69 27 morphological characters and five DNA loci in a bayesian framework. The tribe stands 28 out as the most diverse tribe in the subfamily Pentatominae which occurs exclusively in 29 the New World. Chlorocorini was proposed as a probable monophyletic group based on 30 synapomorphies found on nearly all body parts, including the spined humeral angles of 31 the pronotum, a dorsal projection on the apices of each femora, the absence of an 32 abdominal spine and the presence of well-developed, paired projections in the male 33 genitalia (hypandrium). Here, we provide solid evidence that the tribe as currently 34 recognized is not monophyletic based both on DNA and morphological data. The 35 genera Arvelius Spinola and Eludocoris Thomas were consistently placed outside of the 36
INTRODUCTION
Pentatomidae corresponds to the fourth largest family of true bugs (Hemiptera, 47 Heteroptera). With nearly 5,000 species and over 900 genera, pentatomids are 48 distributed in all terrestrial biomes, except Antarctica (Grazia et al., 2015) . They exhibit 49 a plethora of anatomical and behavioral characteristics that make the group interesting 50 models to approach evolutionary and ecological questions. Examples of these features 51 include a variety of feeding habits (Weirauch et al., 2018) , aposematism (Paleari, 2013), 52 exaggerated sexual traits (McLain, 1981) , and parental care (Requena et al., 2010) , 53 among others. However, evolutionary studies addressing these topics are practically 54 unfeasible with pentatomids due to the absence of phylogenetic hypotheses for major 55 groups. While the position of the Pentatomidae was secondarily explored in studies 56 focusing on other pentatomoids (e.g. Wu et al. 2016; Liu et al. 2019) , our knowledge 57 about the lineages that compose the family and the relationships among them remain 58 elusive. 59 The family is currently divided into nine to ten subfamilies, depending on the 60 classification hypothesis (Schuh & Slater, 1995; Grazia et al., 2015; . 61 Most subfamilies are arguably monophyletic as they exhibit sets of unique and 62 remarkable anatomical features not present in any other group (Rider, 2000) . For 63 example, the Asopinae show a range of elaborations in the head and mouthparts that 64 most likely represent a single-origin adaptation to their preying habits (Parveen et al., 6 Herein, we conduct a phylogenetic study of the tribe Chlorocorini including 120 representatives of all genera and the three subgenera of Chlorocoris within the ingroup 121 taxa. This is the first phylogenetic analysis within the Pentatomidae at the tribal level 122 using a combination of morphological and molecular data. By integrating partial 123 sequences of five molecular markers and 69 morphological characters, we first aimed to 124 test the monophyly of the tribe, recognize lineages within the Chlorocorini and 125 determine its phylogenetic position within the family. Second, we test whether the 126 traditional characters used in taxonomic delimitations within the Pentatomidae are 127 congruent with combined gene trees to recognize monophyletic groups. Lastly, we 128 discuss broader implications of our study and how it might influence the classification 129 of Pentatomidae, highlighting future directions for further understanding the evolution 130 of these important insects. (Table S1) Table 1 . Newly 191 described characters were analyzed using a stereo microscope Leica M205C. 192 We recognized a priori eight morphological characters that have been proposed 193 as key characters for the recognition of species of Chlorocorini (Rider et al., 2018). To 194 analyze the diversification patterns of these characters within Chlorocorini, we 195 conducted a maximum likelihood ancestral state reconstruction using MESQUITE v. were poorly resolved in the morphological tree (Fig. 2) . The only major groups 208 recognized with high support were the Edessinae (pp = 1) and a group of Neotropical 209 genera currently included in the tribe Carpocorini (pp = 0.95). The tribe Chlorocorini 210 did not emerge as monophyletic because Arvelius was placed outside the tribe (Fig. 2) . 211 Analysis of the combined molecular markers showed substantially improved 212 posterior probabilities and overall better resolution than the morphological tree ( Fig. 3) . 213 In contrast with the morphological analysis, only the Neotropical Carpocorini and the 214 Nezarini were recovered as monophyletic. Both the Edessinae and the Discocephalinae 215 did not emerge as monophyletic, while clade A (pp = 0.91) indicate the subfamily 216 Asopinae as phylogenetically related to species from tribes of Pentatominae ( Fig. 3 ). 217 The monophyly of Chlorocorini had even less support in this analysis ( Although morphological and combined gene tree were only partially congruent, 229 the total evidence tree had the highest resolution among the three analyses ( Fig. 4 ). This 230 tree displays relationships found in both morphological and molecular topologies, with 231 more similarities with the molecular tree. Only three clades in the total evidence tree are 232 supported only by morphological evidence (orange rectangles in Fig. 4 Mayrinia and between Chlorocoris complanatus and Chlorocoris distinctus (Fig. 4) . 237 Relationships at deeper nodes were also improved in the total-evidence tree. For 238 example, the Discocephalinae and Serdia Stål (currently placed in the Pentatomini) are 239 strongly supported as the sister lineage of the remaining pentatomids ( Fig. 4) . 240 The non-monophyly of Chlorocorini was also corroborated by the total-evidence 241 analysis. The tribe emerged, again, as polyphyletic due to the position of Arvelius and 242 Eludocoris (Fig 4.) . Arvelius was closely related to Taurocerus and other tribes of 243 Pentatominae, while Eludocoris was the sister group of Edessinae + Myota + Ocirrhoe. 244 The remaining genera formed a well-supported monophyletic group, which could be 245 split into three groups: the three subgenera of Chlorocoris, the genus Rhyncholepta, and Our study proposes the first phylogenetic hypothesis for subfamilies and tribes of 267 Pentatomidae using both molecular and morphological data. The morphological data 268 analyzed by itself provided good resolution for families and tribes, but also left the 269 backbone of the tree mostly unresolved (Fig. 2) . In contrast, the combined gene tree has 270 much better resolution from tips to the root, even though many clades showed modest to 271 poor posterior probabilities ( Fig. 3) . 272 Our analyses refuted the hypothesis of monophyly for the eight included genera present and opposed to the metasternum, and the morphological aspect of the phallus. 285 The genus Eludocoris also contributed to the polyphyly of the tribe, yet its current 286 position was unstable among all resulting topologies. According to Thomas (1992) , 287 Eludocoris should be placed near Loxa and allied genera (Chlorocoris, Chloropepla and 288 Fecelia) based primarily on the large body size, the elongate and depressed body shape, 289 the greenish coloration when alive, and the presence of an apical projection on each 290 femur. This hypothesis is in agreement with our morphological topology, as Eludocoris 291 is the sister group of the remaining genera of Chlorocorini. On the other hand, the 292 molecular data indicates that Eludocoris may be closely related to the Australian genus 293 Ocirrhoe (which is currently placed in the tribe Rhynchocorini), and both genera were 294 the sister group of the remaining Pentatominae. In the total-evidence analysis, 295 Eludocoris is associated with Myota and the Edessinae. It is obvious, however, that 296 these possible placements are tentative at best, and further studies are needed. 297 Our outgroup choice provided a robust sample that is representative of the 298 Neotropical lineages which also exhibit the diagnostic features of the Chlorocorini. This 299 careful outgroup choice enabled us to confidently investigate both the monophyly of the 300 Chlorocorini and also the amount of homoplasy found in traditional diagnostic features. 301 We show that all characters that group the genera of Chlorocorini in the taxonomic Rhyncholepta may also fall within this group according to DNA data (Fig. 3) . The Asopinae within of Pentatominae (Fig. 4) . Edessinae was also found to be monophyletic, 372 while Pentatominae was broadly polyphyletic. This is not surprising given that the reason for that is that the traditional diagnostic characters, many of which are based on 392 continuous variation, show considerable levels of homoplasy. Nevertheless, we 393 emphasize that our study was focused on determining the monophyly and the inside 394 relationships within the tribe Chlorocorini. Thus, our findings regarding the major 395 relationships within the entire family should be considered, at best, preliminary. It 396 appears that the molecular data at times supports previous morphological studies, but 397 often it is not in congruence. In these cases, we should re-analyze the morphological 398 data, looking for convergent, parallel, and other misinterpretations of the morphological 399 characters. For next steps, we encourage a thorough and representative revision seeking 400 to find synapomorphies for early diverging lineages, whose phylogenetic placements 401 were poorly supported in our study. Although the inclusion of molecular data improved 
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